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This paper presents a detailed account of our (1992); F. Abe et al. (CDF Coll.), Phys. Rev. Lett.
analysis of ultrahigh-energy cosmic-ray double- 77, 438 (1996).
core y-family events observed in emulsion cham- [5] J. D. Bjorken, Intern. J. Mod. Phys. A 7, 4189 (1992);
bers at mountain levels. Extending the leading- K. Eggert, private communication.
order perturbative QCD jet calculations for
hadron-hadron collisions to hadron-nucleus colli-
sions by including nuclear effects, we performed
a Monte-Carlo simulation of cosmic-ray particle
interaction and propagation in the atmosphere
[1]. We compared our simulation results with
the data including the general properties of -
family events and the special features of double-
core events from from two experiments at Mt.
Chacaltaya [2] and Mt. Kanbala [3].

We find a significant excess of event rates at
large transverse momenta with respect to our
prediction based on perturbative QCD in both
sets of data. We also find that the excess can-
not be accounted for by a compositeness model
of quarks with a characteristic energy scale lower
limit A. > 1.4 TeV or a possible value of A, ~ 1.6
TeV from the CDF [4].

We discuss possible onset of new physics in-
dicated by the large discrepancy at Ej,p, ~
10*—10° TeV, an energy region beyond the reach
of existing colliders but within the range of fu-
ture hadron colliders such as the proposed Large
Hadron Collider at CERN. It seems to be partic-
ularly feasible to study the new physics indicated
by our analysis with a wide acceptance detector
system designed for the dedicated study of for-
ward physics at the LHC [5].

References

[1] Z. Cao, L. K. Ding, Q. Q. Zhu, and Y. D. He, Phys.
Rev. Lett. 72, 1794 (1994).

[2] C.M. G. Lattes, Y. Fujimoto, and S. Hasegawa, Phys.
Rep. 65, 151 (1980). *Condensed from a paper in Phys. Rev. D 56 (1997)

7361-7375.
[3] J. R. Ren et al., Phys. Rev. D 38, 1404 (1988). Hnstitute of High Energy Physics, Chinese Academy of
[4] F. Abe et al. (CDF Coll.), Phys. Rev. Lett. 68, 1104 Science, Beijing 100039, China.




